A theory is presented according to which the neuronal membrane and synapses are influenced by membrane-bound S100 protein and a membrane-associated network of actin-like, 20-A-diameter, coiled filaments and the competition by both proteins for Ca2+. The discussion is based on observations made with fluoresceinand peroxidase-conjugated antiserum against S100 protein on isolated nerve cells. A small part of the S100 protein is membrane-bound in a polar localization that develops postnatally. The competition for Ca2+ can influence the state of the network filaments which uncoil on binding Ca2 + and affect differently the conformational state of synapses and membrane depending on the S100 protein content.
Stimuli and information from the internal and external environment are processed and channelled in the central nervous system by cell structures and pathways that can be traced through the phyla. The organized complexity observed at every level of the open, hierarchic structure of the brain seems unchallenged by other organs. As stressed by von Bertalanffy (1) as a pioneer in the field, a functional analysis of any organ requires a general systems theory, a theory of dynamic hierarchic order.
A hierarchic system in its turn is served by many mechanisms (subsystems), which have few degrees of freedom in their function. The present paper indicates such a subsystem, a mechanism for modulation of synapses and the nerve cell membrane that is based on some observations of membranebound, or membrane-associated, proteins and their competition for Ca +.
The membrane-associated protein network
The first component of the mechanism consists of a continuous network of microfilaments attached to the inner side of the nerve cell membrane, which has recently been detected (2, 3) . A microsurgical technique is used to prepare samples of nerve cell membrane from single nerve cells for electronmicroscopic study of this microfilament network. The animal is rapidly killed; a 1-mm section is cut from the area to be studied and is placed in a solution of 0.25 M sucrose (or HEPES buffered salt solution, pH 7.3). The sample is placed on a cold stage (2-4°) of a stereomicroscope with magnification up to 200 X. No staining is used.
Nerve cell bodies are rapidly lifted from the tissue by placing a stainless steel tool (20 (Fig. la) . The free flaps are folded back on the glass surface ( Fig. lb) and the cell body content is removed. The flattened-out cell exterior is loosened from its support and successively placed on other parts of the glass. This step removes the outer "fuzz" of the cell membrane containing glycoproteins. The thin cellenvelope is placed on the carbon-coated foil of a grid for electron microscopy. In a final step, the sample is rendered still thinner by directing a jet of immersion solution over the inner surface of the sample (Fig. ic) . The final sample of the cell membrane plus the adjacent inner part of the cytoplasm is very thin, from 50 to 100 A in parts, to 100-300 A in places also containing synaptic structures. Samples were prepared from different types of nerve cells in the medulla oblongata of rabbits and rats.
The samples are treated with 1% (w/v) uranyl acetate, pH 4.6, for 1 min, and examined by electron microscopy. Fig. 2 shows a network of thin, irregular filaments which constitutes the main structure of the inner part of the nerve cell membrane. At closer inspection, it is seen that the filaments are coiled and each strand consists of two coiled filaments, each 20 A in diameter. There are no loose ends to be seen. The network is continuous and in contact with the synapse by the web structures. Fig. 3 is a drawing of the connection between the coiled network and the synaptic structure.
The filaments are insoluble in water, in salt solution, and in 0.05% (w/v) Triton X-100, but are digested by Pronase and trypsin. Furthermore, we have found two significant characteristics of the filaments. Addition of 2 mM CaCl2 uncoils the filaments (Fig. 4) . Anilinonaphthalene sulfonic acid binds to the filaments and the fluorescence changes towards higher wave length regions on addition of Ca2+. The second observation is that the network filaments can be coated with heavy meromyosin; the coating is reversible with ATP. On the other hand, the filaments do not bind colchicin, or are not destroyed by cytochalasin B or changed by ATP. Lecithinase Membrane-bound S100 protein The second component involved in the mechanism is the brain specific protein S100. This is a highly soluble, acidic protein that is mainly glial in its localization but that also exists in nuclei of neurons (5-7). The S100 protein constitutes around 0.2% of the brain proteins and is species-unspecific (8) . It increases considerably during the early postnatal period in many mammals and proceeds to increase slowly in amount during the life cycle (9, 10) . However, a small amount of the S100 protein is insoluble in water and salt solutions but extractable by n-pentanol, which suggests that it binds to membrane (11, 12 the neuronal S100 and 5% of the glia is extractable with pentanol but not with watert.
By using fluorescein-and peroxidase-conjugated antiserum against the S100 protein, we have found that part of the S100 protein is distributed on or in the nerve cell membrane in a heterogeneous way. The S100 protein was prepared according to Moore and Perez (8) , and its purity was controlled by continuous and disc electrophoresis. A double-diffusion test in agar against the antiserum against S100 protein gave a single precipitation band. The antiserum was prepared in rabbits from the complex of S100 protein with methylated albumin (13 (Fig. 5a) . Others fall to the glass support. The dendrites break off when they are < 1 jum in diameter. The defects close and such nerve cells retain membrane potentials of 40-70 mV, phosphorylate, and respire (16, 17) . Thus, large antibody molecules cannot pass into such cells. A good control is the fluorescence of the nucleus, which is absent in a nerve cell with intact cell membrane on incubation with fluoresceinconjugated antiserum.
Nerve cells were incubated for 5-20 min at 210 in 2% (w/v) fluorescein-conjugated antiserum against S100 protein, phosphate-buffered saline washed in (pH 7.2) for 1.5 hr, and examined by fluorescence microscopy. Some types of rabbit were studied: layer V, sensory-motor cortex, Purkinje cells, thalamus dorsal nucleus, the hippocampus, descending mescencephalic nucleus, hypoglossal nucleus, motor horn cells segment 5, and spinal ganglion cells. All these cell types show a polar distribution of the specific fluorescence on approximately half of the cell surface. (Fig. 5a-d) . In Fig. 5b the microscope was focussed on the vertex of the cell surface. Note that the fluorescence overlaps and hides half the (lark, underlying nucleus. This type of cell is about 70 X 50 um. As controls we used cells incubated with antiserum against S100 protein to which pure S100 protein had been adsorbed. Serial dilution of antiserum and adsorbed antiserumn and controls showed optimal conditions at a dilution of 1:5. In other controls, antiserum was omitted. No controls showed fluorescence. Also, cells were incubated after isolation in 5% pentanol. No specific fluorescence could be observed afterwards. Five percent ethanol did not change the distribution of the surface-bound S100 protein. The following substances were used to test that the presence of the S100 protein on or in the cell membrane is not a metabolically dependent process due to binding of divalent antibodies, i.e., patch and cap formation as in lymphocytes. No change in intensity of specific fluorescence or its distribution was found when the cells first were incubated at 00 in 1-0.1 mM sodium azide, 0.1 mm cycloheximide, 0.1 m.M puromycin, 1 mM dinitrophenol, 1-0.1 mM carbonyl cyanide rn-chlorophenyl hydrazone, or in 1-3% rabbit serum.
To study the details of synapses with respect to the S100 protein, we used antiserum against S100 protein, conjugated with peroxidase by use of 0.1% glutaraldehyde, on sections through isolated Deiters' nerve cells, spinal ganglion cells, and cerebral cortex. The cells were incubated with the antiserum (1: 25) for 10 min at 20, fixed in the Karnovsky solution, and incubated in diamino-benzidine peroxide for 2 hr. After treatment with osmium tetroxide, they were immersed in agar and examined by electron microscopy (21) . Fig. 6 shows that the S100 protein is enriched in the synaptic structure and is visualized as a dark precipitation on the postsynaptic area. It seems that the synapses in the fluorescent areas contain S1O0 protein. The localization of S100 protein to the cell membrane is, furthermore, confirmed by these tests with peroxidlase-conjugated antiserum against S100 protein. Thus, the small fraction of the S100 protein that is bound to the membrane is not metabolically dependent for its polar distribution, nor does it seem to have a motility within the membrane. Furthermore, the S100 protein is localized in the postsynaptic area of the synapse.
The question arises as to the ontogenetic development of the S100 protein. Nerve were studied from 4-, 19-, and 24-day-old rabbits. With the fluorescein-conjugated antiserum against S100 protein, no specific fluorescence could be observed over the cell surface of 4-day-old rabbits. At 19 and 24 days, the polar distribution of the membrane-bound S100, protein had developedt.
The membrane-bound S100 protein, which has a polar distribution on the nerve cell surface and is localized in the postsynaptic area of the synapse, seems therefore to be an expression of an early postnatal differentiation of the neuron. In rabbits it develops between the second and third week at a time when the young rabbits begin actively to explore their environment.
Modulation of the synapse and cell membrane by a cooperative process involving the S100 protein and the membrane-associated protein network It has been established that Ca2+ induces a conformational change in the S100 molecule and that the latter contains eight binding sites for Ca2+, two sets of which have high affinity (18) . The affinity constant is 1 mM (19) .
The observations presented above on the nerve cell material and the effect of Ca2+ suggest the following mechanism. Both the S100 protein and the membrane-associated, actinlike network compete for Ca2+. Depending on the presence of S100 protein in the membrane, the synapse and the membrane will be differently influenced by the network.
Consider a synapse in a region of the membrane rich in S100 protein (Fig. 7a) . This protein will bind the Ca2+ in that microenvironment, and the membrane network cannot compete with the S100 protein. The filaments therefore remain coiled and exert a tension on the membrane and the synaptic structures in the S100-rich area. This influence on the conformation of the membrane keeps the synaptic clefts wide, as is indicated in Fig. 7a . Furthermore, in the postsynaptic area of the synapse enriched in S100 protein (Fig. 6) , the binding of Ca2+ induces a conformational change of the S100 molecule. This cooperative process involving the membrane-bound I 11. Hyden and L. 1nibnnback, to be published. S100 protein and the associated protein network and their competition for Ca2+ has led to a state of the synapse in which it may be difficult to activate. I suggest that all synapses within the membrane area rich in S100 protein have undergone such a modulation.
In membrane areas with no or little S100 protein, the membrane and synapses are in a different conformational state. The network filaments can successfully compete for Ca +. On binding of Cai+ they uncoil, and the membrane will consequently relax. This renders the synaptic gap narrow (Fig. 7b) . In membrane areas poor in S100 protein, the synapses may be easier to activate than in areas rich in S100 protein.
In this respect it is interesting that training in a learning test results in an increase of the CaO+ content in the hippocampal nerve cell layer (CA3). There is no change in H20, Na+, or K+. The phenomenon is therefore not likely to be due to circulatory changes (20) . The theory presented suggests that the neuronal membranes undergo plastic changes with time and experience due to a postnatal differentiation and depending upon how the conformational states of two proteins influence membrane and synapses with Ca2+ as an inducer.
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